We report transport measurements through graphene on SrTiO3 substrates as a function of magnetic field B, carrier density n, and temperature T . The large dielectric constant of SrTiO3 screens very effectively long-range electron-electron interactions and potential fluctuations, making Dirac electrons in graphene virtually non-interacting. The absence of interactions results in a unexpected behavior of the longitudinal resistance in the N = 0 Landau level, and in a large suppression of the transport gap in nano-ribbons. The "bulk" transport properties of graphene at B = 0 T, on the contrary, are completely unaffected by the substrate dielectric constant. [3] , indicate that the substrate material has a strong influence on the transport properties of graphene. Whereas investigations have mainly aimed at minimizing the amount of disorder present, it should be possible to choose the substrate material to effectively control different aspects of the electronic properties of graphene. Here we discuss transport experiments through graphene on SrTiO 3 , a very wellknown insulator where the presence of a low-energy phonon mode [4] brings the material close to a ferroelectric instability. The softening of this low-energy mode causes the relative dielectric constant (ǫ) of the material to increase from 300 at room temperature, to ≃ 5000 at liquid Helium temperature [4] , with most of the increase taking place when T is lowered from 50 to 10 K. The use of SrTiO 3 substrates, therefore, allows the investigation of the effect of the dielectric environment on the charge carriers in graphene in a broad temperature range, influencing all phenomena in which electron-electron interactions and long-range electrostatic potentials play a dominant role.
We report transport measurements through graphene on SrTiO3 substrates as a function of magnetic field B, carrier density n, and temperature T . The large dielectric constant of SrTiO3 screens very effectively long-range electron-electron interactions and potential fluctuations, making Dirac electrons in graphene virtually non-interacting. The absence of interactions results in a unexpected behavior of the longitudinal resistance in the N = 0 Landau level, and in a large suppression of the transport gap in nano-ribbons. The "bulk" transport properties of graphene at B = 0 T, on the contrary, are completely unaffected by the substrate dielectric constant. Experiments on devices with SiO 2 [1] and BN [2] gate dielectrics, as well as on suspended layers [3] , indicate that the substrate material has a strong influence on the transport properties of graphene. Whereas investigations have mainly aimed at minimizing the amount of disorder present, it should be possible to choose the substrate material to effectively control different aspects of the electronic properties of graphene. Here we discuss transport experiments through graphene on SrTiO 3 , a very wellknown insulator where the presence of a low-energy phonon mode [4] brings the material close to a ferroelectric instability. The softening of this low-energy mode causes the relative dielectric constant (ǫ) of the material to increase from 300 at room temperature, to ≃ 5000 at liquid Helium temperature [4] , with most of the increase taking place when T is lowered from 50 to 10 K. The use of SrTiO 3 substrates, therefore, allows the investigation of the effect of the dielectric environment on the charge carriers in graphene in a broad temperature range, influencing all phenomena in which electron-electron interactions and long-range electrostatic potentials play a dominant role.
The effect of dielectric screening in graphene has been investigated previously, mainly focusing on its effects on carrier mobility. In one set of experiments, graphene devices were immersed in solvents with ǫ up to 50 − 100 [5] . Although revealing, these studies have been confined to temperatures above the solvent freezing point (T > 160 K), which prevented the investigation of physical phenomena taking place at low temperature. In other work, the effect of the dielectric environment was investigated by comparing the transport properties of graphene on SiO 2 with and without an adsorbed thin ice layer which slightly changed the dielectric environment seen by the charge carriers [6] . The use of SrTiO 3 offers the advantage of a very large tunable dielectric constant together with the possibility of measuring in a broad range of temperatures.
Our studies rely on transport measurements on graphene Hall-bars and etched nano-ribbons on SrTiO 3 . At zero magnetic field, transport through Hall-bar devices show no temperature dependence between 250 mK and 50 K, and graphene exhibits a behavior identical to that observed on SiO 2 substrates [7] . The importance of the substrate, however, becomes clear in measurements at finite B, and in nano-ribbons. In the quantum Hall regime, we observe that the longitudinal resistance peak measured in the N = 0 Landau level decreases significantly with lowering T , a trend opposite to what is seen on common SiO 2 substrates [8] . In nano-ribbons, the magnitude of the transport gap is one order of magnitude smaller than in identical devices on SiO 2 [9] . Both effects are manifestations of the suppression of electron-electron interactions due to substrate screening, which turns carriers in graphene into virtually non-interacting Dirac fermions. The observation of such a very effective screening also allows us to conclude that at B = 0 T Coulomb interactions and long-range potentials do not have any significant influence on transport through "bulk" graphene on SiO 2 .
The devices investigated ( Fig. 1(a) -inset) were prepared by exfoliating graphene from natural graphite using an adhesive tape, and by the subsequent transfer onto a 500µm thick SrTiO 3 single crystalline substrate. Graphene layers were found by inspection under an optical microscope, with mono-, bi-, and tri-layer graphene giving a contrast of 1.25%, 2.5% and 3.75%, respectively (see Fig. 1.(b) ; this contrast is measured on substrates with only one face polished). Ti/Au contacts (10/50 nm) were defined by means of electron beam lithography, evaporation, and lift-off (a thin Cu layer was evaporated onto the PMMA prior to performing lithography to prevent surface charging, and was etched away with a FeCl solution before development). The gate electrode consisted of a Au film evaporated on the substrate backside.
We first discuss measurements performed as a function of gate voltage V g and at B = 0 T, at temperatures between 50 K and 250 mK. The increase in dielectric constant with lowering T is clearly visible in Fig. 1.(a) , where the graphene resistance measured at each temperature is plotted as a function of V g . With lowering T , a smaller V g range is needed to scan across the resistance peak around the charge neutrality point ("Dirac peak"). This is a direct consequence of the increase of the gate capacitance, due to the increase in the substrate dielectric constant. At each gate voltage, the density of charge carriers n was extracted from the Hall resistance, and Fig.  1(c) shows that at a fixed value of V g , n increases by approximately one order of magnitude as T is lowered from 50K down to 250mK, in agreement with the expected behavior of SrTiO 3 . Fig. 2(a) shows that, when plotted as a function of n, the Dirac peaks measured at all different temperatures overlap nearly perfectly despite the tenfold change in ǫ of the substrate. This result has several direct implications that will be discussed in detail later.
Finding a complete insensitivity to temperature despite the large change in the SrTiO 3 dielectric constant may cause doubts that water or other adsorbed molecules are present in between the graphene layer and the substrate, effectively decoupling the two materials. To rule out this possibility, it is important to identify measurable effects sensitive to the substrate dielectric constant. Obvious candidates are phenomena that originate from longrange electron-electron interaction in graphene, which should be completely screened on SrTiO 3 . Two such phenomena are the temperature dependence of the longitudinal resistance in the N = 0 Landau level in the quantum Hall regime [8] , and low-temperature bias-dependent transport in nano-ribbons [9, 10] . Figure 3 shows data measured in the presence of a 15 T perpendicular magnetic field. At high magnetic field, well-defined Hall plateaus in the Hall conductivity σ xy are observed up to the maximum temperature investigated (50 K ; see Fig. 3b ). The plateaus at σ xy = ±2 and σ xy = ±6e 2 /h confirm that the device is of good quality and that it indeed consists of a single graphene layer [11] . Particularly interesting is the temperature dependence of the peak in the longitudinal resistance observed at the charge neutrality, when the Fermi level is located inside the N = 0 Landau level, with the height of this peak decreasing monotonously with lowering temperature from 50 K to 250 mK. This behavior is the opposite of what has been by now reported by several groups for graphene on SiO 2 [8] , or for suspended graphene [12] . In these cases, an insulating behavior is observed, accompanied by a very rapid (thermally activated below T ≈ 20 K) increase in the resistance at charge neutrality with lowering T . The insulating behavior at N = 0 is attributed to a symmetry broken state due to electron-electron interactions [13] . The observation of a decrease in resistance with lowering temperature shows that the symmetry broken state is absent in graphene on SrTiO 3 . This observation substantiates that the insulating behavior at N = 0 is indeed due to Coulomb interactions, and provides a direct manifestation of the effective substrate screening.
The effect of substrate screening is also visible in bias-dependent transport measurements on etched nanoribbons. When these nano-ribbons are gate-biased near the charge neutrality point, a transport gap opens, due to the joint effect of disorder and Coulomb interactions [9] . Disorder causes electrons to localize in small regions of the ribbons, making charging effects important. In simple terms, a graphene nano-ribbon behaves as an array of Coulomb-blockaded quantum dots, and the transport gap originates from the charging energy of the individual islands [10] . When the bias applied across the ribbon is sufficient to overcome the Coulomb gap, the differential conductance increases, providing the means to measure the gap magnitude. On devices realized on SiO 2 substrates, it has been found that the largest gap in sourcedrain voltage scales approximately inversely to the ribbon width W , and for a 1 µm long and 70 nm wide ribbon, it is approximately 15-20 meV [9] . Fig. 4(a) shows the conductance of a 70 nm wide ribbon on SrTiO 3 (approximately 1 µm long) as a function of gate and bias voltage (V sd ). It is apparent that the conductance is suppressed at low bias, and the data appear qualitatively similar to those routinely measured on samples on SiO 2 . A closer look reveals that the largest size of the gap is only 2 meV, i.e. one order of magnitude less than for identical devices SiO 2 . The size of the gap is more clearly seen in Fig. 4(b) , which shows the bias dependence of the conductance measured for three different values of gate voltages. The large reduction of the transport gap in SrTiO 3 (as compared to SiO 2 ) devices originates from the large substrate dielectric constant, which strongly increases the self-capacitance of the islands in the ribbon, thereby suppressing the charging energy (note that the remaining gap of 2 meV also includes a contribution due to single particle level spacing, which is present even if the charging energy is completely suppressed, and that is likely to be dominant for ribbons on SrTiO 3 ). The observation of a strongly suppressed gap in nano-ribbons on SrTiO 3 , therefore, provides a second clear indication of the effectiveness of substrate screening. Having established that substrate screening is effective, we go back to discuss the implications of the behavior observed at B = 0 T, where transport measurements are found to be completely insensitive to temperature. From these measurements we directly conclude that neither the carrier mobility (µ ≃ 7000 cm 2 /Vs at n = 2 × 10 12 cm −2 , decreasing slightly with increasing density) nor the width δn of the low density region where the conductivity σ is independent of n (see Fig.2b ; δn ≃ 6.0 ± 0.5 × 10 11 cm −2 ) are affected by the large change in the dielectric constant of the substrate. Additionally, the measured values of µ and δn are essentially identical to those measured on typical graphene devices on SiO 2 [7] , where the dielectric constant is roughly 1000 times smaller. These findings directly rule out long-range Coulomb potentials generated by charge impurities next to the graphene layers as the main, mobility-limiting scattering mechanism in graphene [14] (in agreement with the conclusions in Ref. [5] , which only explored the high temperature regime). Our experimental results are better explained by resonant scattering due to impurities generating very strong and short range potentials [15] , which lead to the following expression for the carrier density dependence of the conductivity σ :
(n i , is the impurity concentration, and R the potential range respectively). Fig. 2(c) shows that this expression provides a satisfactory fit to our data, with values for the parameters n i = 2.9 × 10 11 cm −2 and R = 0.22nm that are very close to those found for graphene on SiO 2 [16] . Indeed, the potentials responsible for resonant scattering have very short range and cannot be screened by the substrate, which explains why the B = 0 T conductivity and mobility of carriers in graphene on SrTiO 3 and on SiO 2 are the same [17] .
Regarding δn, it is often assumed that this quantity is determined by potential fluctuations which give origin to the so-called "puddles", i.e. spatial fluctuation in carrier density whose presence has been observed in different kinds of experiments [18, 19] . Our results clearly indicate that the density fluctuations that affect the conductivity cannot be long-ranged : on SrTiO 3 all long-ranged potential and charge density fluctuations are very strongly suppressed as compared to SiO 2 , and still the value of δn on SrTiO 3 and on SiO 2 coincide. Consistently with this conclusion, δn remains temperature independent despite the large increase in ǫ with lowering T that occurs in the investigated temperature range. In contrast to long-range fluctuations, fluctuations of carrier density that vary on a length scale of at most a few nanometers (not much larger than the graphene-substrate distance) cannot be screened effectively by the substrate and can account for our observations. Indeed, density fluctuations on such a length scale are present in graphene on SiO 2 , as it has been revealed experimentally by scanning tunneling experiments [18] .
Finally, from the temperature independence of the resistance peak at the charge neutrality point we also conclude that scattering from phonons in the substrate [20] does not play an important role for graphene on SrTiO 3 . For devices on SiO 2 , the resistance temperature dependence becomes appreciable above ≃ 150 K, and its origin has been attributed to scattering from phonons in the substrate, whose relevant energy in SiO 2 is approximately 60 meV [21] . In SrTiO 3 , phonons with very low energy -down to 3-4 meV at low temperature-are present, which should give a sizable temperature dependence of the resistance already starting from 10-15 K [4] . However, no temperature dependence is observed throughout the temperature range investigated (up to 50 K).
In summary, we have performed a complete study of low-temperature transport through graphene on SrTiO 3 which, through a comparison with results obtained on lower dielectric constant substrates, enables a direct identification of phenomena that originate from long-range electron-electron interactions and Coulomb potentials. Whereas on low dielectric constant substrates, interactions play a crucial role in determining the properties of the N = 0 Landau level and the size of the transport gap in nano-ribbons, in graphene on SrTiO 3 they are very strongly suppressed by substrate screening. In the latter case, charge carriers in graphene can be thought of a two-dimensional non-interacting gas of Dirac electrons. Since at B = 0 T no difference in the transport properties of graphene on SiO 2 and SrTiO 3 is found, we can also conclude that long-range potentials play virtually no role in determining the (B = 0 T) density-dependent conductivity of "bulk" graphene on common substrates.
